The static synchronous series compensator (SSSC) showed fast speed of adjustment, and good compensation ability. It will be used in electric system more and more in future. In this paper, based on a typical system, study and analysis were put on about the grounding method of SSSC. For grounding demand, there were two methods, which were directly grounding and resistor grounding of the second winding. The analysis included steady state and transient state. And the transient states included short-circuit faults of accessing system and the converter side. In conclusion, comparisons were given out between the two grounding methods, which could provide reference for project.
INTRODUCTION
With the increase of the scale of interconnected power grid, the complexity of ac power grid is increasing, and more ring network systems are formed. So the control problem of power flow is more complicated and difficult. Some FACTS devices, such as unified power flow controller (UPFC) and SSSC, have the ability of fast regulation and widely compensation. In China, the 220kV UPFC demonstration project has been running smoothly in Nanjing Jiangsu. The 500kV UPFC and 220kV SSSC demonstration project are in steady progress. Literatures published focused on the accessing system, main circuit topology, control and protection strategy [1] [2] [3] [4] , and so on. Grounding method is rarely involved. Analysis on influence on different grounding methods was carried out on steady state and transient state.
OVERVIEW OF SSSC AND GROUNDING METHOD
SSSC is connected to the system via a series transformer. It can be equivalent to a synchronous voltage source in series in the line, as shown in Figure 1 . SSSC can control the line flow by injecting a voltage, which is orthogonal to the line current and the amplitude can __________________________ Two or three levels of converters were used in VSC-HVDC transmission system. The grounding point was set on the middle point of DC capacitors. Then the DC transmission lines were symmetry between positive and negative electrode. For VSC-HVDC used MMC converters, there was no proper grounding point as there were no centralized capacitors. So it was essential to dispose grounding point on AC side. For example, in Nanhui VSC-HVDC demonstration project, the neutral point of the transformer was grounded with high resistance. In Jiangsu UPFC demonstration project, the neutral point of the second side of the parallel transformer was directly grounded. Besides, the choice of grounding mode should consider the factors such as voltage grade, transformer connection and insulation level.
The DC side of the SSSC simulation studied was chained mode, so there was no proper grounding point. The grounding point was set on the second wind of the series transformer. Directly grounding and resistor grounding both meet the requirement of providing grounding point to the converter.
The paper was based on 220kV typical system. SSSC was connected to the system via a series transformer. It was between the 220kV line breaker and line. The second winding is connected to the converter. And the connection was Y and the neutral point was direct grounding. The capacity of SSSC was 30Mvar, and the transformer ratio was 10kV/23kV.
STEADY STATE
If the grounding mode was directly grounding of the second winding, when short-circuit fault took place, the short-circuit current might be large. Before the bypass thyristor closed, the current of IGBT converter would increase highly, and the switching devices may be damaged.
If the grounding mode was resistor grounding of the second winding, it can also meet the requirement of grounding point for DC side. The resistor can decrease the short-circuit current when short-circuit fault occurred. So the current of IGBT converter will be lower.
When there was short-circuit fault, if the IGBT converter can bear the large current caused by directly grounding, the two grounding modes could be adopted. Comparing the two modes, directly grounding would be better, as there was no grounding equipment, saving the investment.
FAULTS ON ACCESSING SYSTEM
The single-phase grounding fault occurred on the accessing line, and the time was 1.0s, with the duration time of 0.5s. For simulating the worst condition, the IGBT converter would not block. The first condition was directly grounding of the second winding. On the fault point, as the 220kV electric system is directly grounding system, when a phase was grounded, there was no power-frequency overvoltage on B and C phase. When the fault disappeared, there was overvoltage, about 1.2p.u., as shown in Figure 2 . After the single-phase grounding fault, the big short-circuit current would flow through the series primary winding of the transformer. There would be higher overvoltage between the primary winding. So MOA was set between the primary winding, and the rating voltage was 30kV. The overvoltage above was showed in Figure 3 , with the largest overvoltage 30kV, which was in the range of insulation level. The voltage on converter valve side was showed in Figure 4 . The peak overvoltage was 31.3kV during the short-circuit fault, within the insulation requirements. As the grounding mode of the second winding would not affect the short-circuit current, the voltage of the converter valve in different grounding modes was similar, no obvious difference.
FAULTS ON CONVERTER VALVE SIDE
In this section, single-phase-to-ground fault on the converter valve side of SSSC was simulated, as shown in Figure 5 . The fault time was 1.0s, with the fault duration time 0.5s. For simulating worse conditions, the converter would not be blocked. If the grounding mode was directly grounding of the second winding, then it was a directly grounding system. After the single-phase fault took place, there was no significantly increase of the overvoltage of the non-fault phases, as shown in Figure 6 . There was no overvoltage. From the results of the above section, when short-circuit-to-ground fault occurred, there was power-frequency overvoltage (similar to line-to-line voltage) on the resistor grounding mode. And on directly grounding mode, there was no overvoltage. So we can see from the above, the directly grounding was better than resistor grounding mode.
CONCLUSION
In this paper, different grounding modes were compared and analyzed on steady state and transient state and the conclusions are as follows:
(1) When there was short-circuit fault, if the IGBT converter can bear the large current caused by directly grounding, the two grounding modes could be both adopted.
(2) When there was single-phase-to-ground fault on the accessing line, the grounding mode of the second winding would not influence the fault features of the accessing system.
(3) Single-phase-to-ground fault on the converter side was studied. If the second winding was directly grounded, there was no obvious increase of the voltage of non-fault phases. If the second winding was grounded through resistor of 2000Ω, there was power-frequency overvoltage of 1.73p.u. The power-frequency insulation level should be increased.
From the above conditions, we can see that the directly grounding was better than resistor grounding of the second winding of SSSC transformer. However, in actual project, many factors affecting the grounding mode should be considered.
